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SEASONAL  GROWTH  AND  UPTAKE  OF 
NUTRIENTS  BY  ORCHARDGRASS 
IRRIGATED  WITH  WASTEWATER 


Antonio  J.  Palazzo  and  John  M.  Graham 


INTRODUCTION 

Land  application  is  one  method  of  wastewater 
treatment  capable  of  meeting  stringent  water 
quality  standards  The  primary  function  of  vege¬ 
tation  in  land  treatment  systems  is  to  remove 
certain  wastewater  constituents  that  conven¬ 
tional  treatment  cannot  handle,  especially  N 
Plant  removal  of  N  is  necessary  to  prevent  it 
from  leaching  through  the  soil  profile  Hook  and 
Burton  (1979)  recommended  the  harvesting  of 
plant  biomass  as  a  reliable  control  of  N  leaching 
through  soils  irrigated  with  wastewater  Forage 
grasses  are  generally  considered  to  be  the  most 
efficient  N-removing  crop  In  a  review  of  the  nu¬ 
trient  uptake  of  crops  in  land  treatment  systems, 
Clapp  et  al  (1978)  reported  that  forage  grasses 
c  an  remove  over  400  kg/ha  of  N  annually  as  well 
as  29  to  5b  kg/ha  of  P 

Identification  of  the  forage  grasses'  peak  nu¬ 
trient  uptake  and  growth  times  within  a  harvest 
period  could  lead  to  increased  wastewater  appli- 
r  ation  rates  because  it  would  allow  for  more  ef¬ 
ficient  plant  utilization  of  wastewater  constit¬ 
uents  Hook  and  Kardos  (1976)  reported  on  the 
yields  of  reed  canarygrass  which  received  sec¬ 
ondary  wastewater  and  was  cut  three  times  an¬ 
nually  over  <i  10-year  period  Their  results  showed 
that  within  a  single  season  plant  yields  were 
greatest  for  the  first  cutting,  followed  by  the  sec 
ond  and  then  the  third 

Clapp  et  al  (1978)  discussed  the  uptake  of  N 
hy  reed  canarygrass  during  May  and  lune  They 
noted  that  for  grasses  which  rec  eived  6  c  m:wk  of 


wastewater,  total  N  uptake  increased  up  to  mid- 
lune  and  then  leveled  off,  however,  grasses 
which  received  11  cm/wk  of  wastewater  contin¬ 
ued  to  accumulate  N  through  June 

Martin  et  al  (1979)  studied  the  effects  of  two, 
three  and  four  time  cutting  schedules  on  grass 
yields  under  two  municipal  effluent  application 
rates  At  the  high  rate  of  application  (10  cm/wk), 
reed  canarygrass,  orchardgrass  and  tall  fescue 
were  usually  the  best  yielders  with  maximum 
persistence  Borrelli  et  al  (1978)  and  Martin  et  al 
(1978)  found  no  detrimental  effects  on  the  qual¬ 
ity  of  forage  grasses  irrigated  with  sewage  efflu¬ 
ent 

Studies  using  commercial  fertilizers  as  a  nutri¬ 
ent  source  have  shown  that  the  removal  of  nutri¬ 
ents  by  forage  grasses  and  their  yields  are  highly 
dependent  on  cutting  management  The  greatest 
percentage  of  dry  matter  produced  in  a  growing 
season  is  generally  obtained  during  the  first  har¬ 
vest  or  up  to  about  mid-|une  (Duell  1960,  Wash- 
ko  et  al  1967,  Kunelius  et  al  1974)  Although 
yields  of  orchardgrass  during  this  period  have 
been  show-’  to  increase  up  to  the  flowering  stage 
of  growth  (,\utenson  1963,  Washko  et  al  1967, 
Kunelius  et  al  1974),  greater  annual  yields  have 
been  reported  when  the  initial  harvest  was  at  the 
early  heading  stage  (Colby  et  al  1965) 

Orchardgrass  has  a  good  yield  distribution 
throughout  the  season  because  of  a  high  after- 
math  production  following  the  first  harvest 
(Kunelius  et  al  1974,  lung  and  Baker  1975). 
Aftermath  production  is  usually  greater  when 
the  first  cutting  takes  place  at  the  early  heading 


stage  and  when  additional  N  fertilizer  is  applied 
(Colby  et  al  1965,  Washko  et  al  141)7)  brown 
and  Ashley  (1474)  reported  that  prompt  tillering 
of  plants  will  shorten  the  lag  period  after  defoli¬ 
ation  and  increase  aftermath  production,  while 
Auda  et  al  (146b)  reported  that  N  stimulated  till¬ 
ering  and  grow  th  of  ore  hardgrass  Pearce  et  al 
(19b1))  found  that  the  regrowth  of  orchardgrass 
was  linear  with  time,  both  dry  matter  and  leaf 
area  accumulated  faster  in  |uly  than  September 
The  slowing  of  orchardgrass  growth  during 
subsequent  harvests  is  physiological  in  nature 
and  is  not  correlated  with  any  phenotypic  rela¬ 
tionships  as  in  the  initial  harvest  when  a  seed- 
head  is  produced  Colby  et  al  (1465)  and  lung 
and  Baker  (1475)  affirmed  that  there  was  little 
advantage  in  separating  harvests  after  the  first 
cutting  by  more  than  5  to  6  weeks  lung  and 
Baker  (1475)  and  Taylor  et  al  (1468),  who  studied 
the  regrowth  of  ore  hardgrass,  stated  that  dry 
matter  gains  due  to  leaf  development  and  losses 
due  to  leaf  senescence  were  about  equal  after 
TO  to  T5  days  Treharneetal  (1968)  reported  that 
orchardgrass  maintained  a  high  photosynthetic 
rate  for  15  to  20  days  and  then  declined  The 
chlorophyll  content  of  the  leaves  dropped  after 
18  days  and  was  negligible  after  TO  days  when 
the  leaves  were  fully  senesced 

The  obiective  of  this  research  was  to  identify 
peak  growth  and  nutrient  accumulation  periods 
ot  a  forage  grass  irrigated  with  municipal  waste- 
water  Orchardgrass  was  chosen  because  of  its 
ability  to  respond  to  high  N  application  rates 


I  lie  identitic  ation  ot  peak  uptake*  periods  during 
the  growing  season  will  be  helpful  ill  planning 
seasonal  wastewater  npplic  ation  rate's  to  ae  lui'Vi* 
.1  gieMte-r  de'gre'e  ot  renovation 

MATERIALS  AND  METHODS 

A  2-year  study  was  conduc  ted  during  1978  and 
1979  atCKKTI  in  Hanover.  New  Hampshire'  I  he 
soil  in  the-  study  area  is  a  Hartland  silt  loam 
whic  h  overlies  a  well  drained  gravel  soil  Prior  to 
the  applic  ation  of  wastewater,  the-  soil  was 
sampled  to  a  15-om  depth  and  analyzed  and  was 
found  to  contain  T50  and  110  kg  ha  of  P  and  K, 
respectively,  with  a  pH  of  5  9 

The  site1  was  prepared  and  seeded  in  August 
1977  with  Pennlate  orchardgrass  (Dacfy//s  g/om 
erata  1  )  (Turing  preparation  we  applied  5  metric 
tons  ha  of  dolomite  limestone,  50  kg/ha  of  N  and 
100  kg.ha  of  K  1  he-  experimental  site  is  show  n  in 
1  igure  1 

Domestic  sewage  provided  by  the  town  of 
Hanover  was  given  primary  treatment  and  ap¬ 
plied  by  spray  irrigation  from  4  May  to  1  5  Octo¬ 
ber  in  1978  and  from  T  May  to  5  September  in 
1979  There  were  20  weekly  applications  in  1978 
and  16  in  1979  Wastewater  was  applied  at  a  rate 
of  7  5  cm/wk  over  the  2-year  period,  while  each 
weekly  application  was  administered  over  a 
T-day  period,  8  hr/day  The  wastewater  was  also 
analyzed  weekly  to  determine  the  amount  of  nu¬ 
trients  applied  It  was  found  to  be  near  neutral- 


t  iHurv  I  !<",/  site 


tty  in  pH  and  to  contain  a  mean  of  31  5,  fa  1  and 
18  4  mg/L  of  total  N,  P  and  K  respectively 
The  forages  were  managed  on  a  conventional 
three  cut  per  year  schedule  The  rates  of  plant 
dr\  matter  and  nutrient  accumulation  were  de¬ 
termined  by  periodically  harvesting  U-m'  sam¬ 
ple  plots  during  the  growing  season  The  or- 
chardgrass  was  cut  with  a  sickle  bar  mower  at  a 
7  5-cm  height,  collected  and  weighed  to  obtain 
the  total  fresh  weight  per  plot 

An  ad|acent  site  with  a  similar  soil  type  was 
used  as  a  control  in  1978  The  site  received  100 
kg/ha  of  N  from  ammonium  nitrate  in  May  1978, 
after  which  it  was  irrigated  with  fresh  water  at  a 
rate  of  7.5  cm/wk  Plant  sampling  techniques 
were  similar  to  those  used  in  1978  in  the  waste¬ 
water-treated  site  and  three  1.3-m2  sample  plots 
were  harvested  at  each  of  the  12  sample  dates 
Within  the  wastewater-treated  area  there  were 
four  1  3-m2  plots  harvested  at  each  of  the  12 
forage  sampling  dates  in  1978  and  three  1.3-m2 
plots  harvested  at  15  sampling  dates  in  1979  No 
plots  were  sampled  more  than  once  during  each 
year  of  the  study  with  the  exception  of  those 
normally  harvested  during  the  three  cutting 
schedules.  Sample  plots  which  were  harvested 
on  7  June  and  25  July  in  1978  and  7  June  and  26 
July  in  1979  were  cut  at  subsequent  times 
Vegetation  samples  from  each  sample  plot  or 
replication  were  dried  at  70°C  for  48  hr,  after 
which  the  dry  weight  production  was  deter¬ 
mined  In  1978,  after  drying  and  weighing,  a 
composite  tissue  sample  was  prepared  for  analy¬ 
sis  by  taking  two  duplicate  grab  samples  from 
the  four  sample  plots  harvested  The  composite 
subsamples  were  ground  and  the  duplicate 


samples  analvzed  In  retrospect,  we  should  have 
analyzed  a  subsample  from  each  sample  plot  so 
that  relationships  between  yield  and  composi¬ 
tion  could  have  been  independently  examined 
Therefore,  in  1979  analyses  were  performed  on 
samples  from  individual  sample  plots  The  grab 
samples  were  analyzed  for  N,  P  and  K  according 
to  Liegel  and  Schulte  (1977) 


RESULTS  AND  DISCUSSION 

Nutrient  application  rates 

As  shown  in  Table  1,  sufficient  amounts  of  N 
and  P  were  supplied  by  the  7  5-cm/wk  waste- 
water  application  rate  to  avoid  nutritional  defi¬ 
ciencies  of  these  elements  Greater  amounts  of 
N  and  P  were  applied  during  1978  than  in  1979 
This  higher  loading  rate  was  due  to  a  longer  ap¬ 
plication  period  and  higher  concentrations  of  N 
and  P  in  the  wastewater  used  during  the  third 
harvest  period  in  1978 

Dry  matter  accumulation  and 
phenotypic  relationships 

There  were  no  significant  differences  in  total 
yields  between  1978  and  1979;  they  totaled 
10,870  and  11,080  kg/ha  respectively  The  yields 
obtained  in  this  study  were  in  agreement  with 
others  who  have  reported  on  the  yields  of  forage 
grasses  irrigated  with  wastewater  (Clapp  et  al 
1978,  Palazzo  and  McKim  1978,  Martin  et  al 
1979) 

As  shown  in  Figure  2,  dry  matter  accumulation 
for  both  years  leveled  off  after  31  days  of  growth 
during  the  first  harvest  period  During  the  sec- 


Table  1.  Concentrations  and  total  amounts  of  N  and  P  applied 
to  site  during  each  harvest  period. 
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figure  1  Seasonal  dry  matter  accumulation. 


Table  2  Plan!  yield  and  content  of  nutrients  at  various  stages  of  growth  during  the  first  harvest  period. 
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Potassium 
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Nitrogen 
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Phosphorus 

14 
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ISO 
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ond  harvest  period  of  both  years  and  the  third 
period  in  1979,  dry  matter  accumulation  ceased 
after  35  to  40  days.  During  the  third  period  in 
1978,  accumulation  slowed  between  15  and  29 
days  and  then  increased  for  the  remainder  of  the 
period  No  differences  were  observed  between 
yields  during  the  last  two  sampling  dates  within 
each  harvest  period,  with  the  exception  erf  the 
third  period  in  1978 


Plants  usually  produced  a  seedhead  during 
the  first  harvest  period,  while  aftermath  produc¬ 
tion  was  primarily  leaf  growth  The  slowing  of 
dry  matter  accumulation  during  the  first  harvest 
period  o<  furred  between  31  and  38  days  of 
growth,  which  was  between  the  early  and  late 
heading  stages  of  plant  development  and  just 
prior  to  t lowering  At  the  end  of  the  first  harvest 
period,  or  alter  38  days,  the  seedhead  was  fully 
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Table  3.  Concentration  (%)  of  N,  P  and  K  in  plants  during 
study. t 
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’Mean  <.  ament  rations  ot  individual  nutrients  within  harvest  periods  followed  bv 
the  same  letter  were  not  significantly  different  at  the  5%  level  ot  probability  a<- 
lording  to  the  Duncan  s  Multiple  Range  Test  (Little  and  Hills  1 97K) 
tNutnent  analysis  performed  on  oven-dried  tissue 


open  I  he  cessation  of  dry  matter  accumulation 
has  been  reported  as  being  due  to  the  se¬ 
nescence  of  plant  leaves  (Taylor  et  al  1969.  Tre- 
harne  et  al  1968.  lung  and  baker  1975,  Page  et 
al  1977.  Waldren  and  Flowerday  1979)  The 
slowdown  in  growth  tound  in  this  study  occurred 
slightly  earlier  than  the  flowering  stage  reported 
in  the  literature  (Autenson  1963,  Washko  et  al 
1967,  Kunelius  et  al  1974)  However,  the  15  to  40 
days  of  dry  matter  accumulation  noted  here  dur¬ 
ing  the  second  and  third  harvest  periods  was  sim¬ 
ilar  to  that  observed  elsewhere  (Colby  et  al 
1965,  lung  and  Baker  1975) 

Nutrient  uptake  is  initially  very  rapid  during 
the  first  harvest  period  and  then  it  levels  off  or 
declines  when  the  plant  begins  to  produce  seed 
In  this  study,  plants  were  allowed  to  grow  up  to 
the  late  heading  stage  before  the  first  harvest  At 
this  time,  nutrient  accumulation  leveled  off  in 
1978  and  was  still  increasing  in  1979  The  various 
stages  of  growth  observed  during  this  period  and 
the  nutrients  removed  at  each  one  are  shown  in 
I  able  2 

Other  studies  of  orchardgrass  have  shown  that 
maximum  yields  during  the  first  harvest  period 
o<  c  ur  at  the  flowering  stage  ot  growth  (Autenson 
196  1,  Washko  et  al  1967.  Kunelius  et  al  1974), 


but  maximum  annual  yields  have  been  reported 
when  the  plants  were  initially  harvested  at  early 
heading  (Colby  et  al  1965) 

Nutrient  concentrations 

Table  3  shows  the  changes  in  the  nutrient  con¬ 
centrations  of  plants  during  both  growing  sea¬ 
sons  In  1979,  we  statistically  separated  the 
mean  N,  P  and  K  concentrations  in  the  plants 
during  each  harvest  period  Nitrogen  concentra¬ 
tions  were  found  to  be  greatest  during  the  earlier 
portions  of  the  first  and  second  harvest  periods 
and  steady  throughout  the  third  Phosphorus 
concentrations  decreased  during  the  first  period 
and  then  increased  during  the  second  and  were 
steady  during  the  third  Potassium  concentra¬ 
tions  remained  essentially  unchanged  through¬ 
out  The  declines  in  plant  nutrient  concentra¬ 
tions  during  the  first  harvest  period  were  similar 
to  those  reported  by  Wedin  (1974)  for  smooth 
bromegrass 

Because  of  the  sampling  method  we  used  for 
tissue  analysis,  we  did  not  perform  a  similar  sta¬ 
tistical  breakdown  of  the  data  in  1978  In  gener¬ 
al,  N  concentrations  were  lower  and  P  and  K 
higher  in  1978  than  in  1979  The  only  major  de¬ 
cline  in  plant  nutrient  concentrations  within  the 
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Table  4.  Mean  concentrations  of  other  macro-  and  micro-nutrients. 


Harvest 

s 

td 

Mg 

fe 

H 

(  u 

/n 

Mn 

(  f 

period 

/%; 

/%/ 

Ippmi 

Ippmi 

Ippmi 

ippmi 

ippmi 

1 ppm . 

1978 

First 

t)  *2 

0  so 

0  22 

50* 

5  52 

1 1 

*4 

91 

1  *b 

Second 

0  *4 

0  48 

0  27 

7S2 

b  7  * 

15 

*7 

7b 

1  *4 

Third 

0  ** 

0  Si 

0  28 

52* 

b  *5 

21 

40 

7  * 

1  b  5 

1979 

F  irst 

0  24 

0  *9 

0  22 

104* 

*  b* 

2  * 

5b 

75 

2  74 

Second 

o  *1 

0  SO 

0  2b 

417 

5  1b 

1b 

*9 

50  8 

2  12 

Third 

0  2b 

0  49 

0  29 

8b  7 

*8* 

21 

51 

b4 

*  58 

Control 

First 

0  3  J 

0  42 

0  21 

219 

b  58 

10 

*4 

8b 

1  01 

Second 

0  12 

0  49 

0  2* 

20* 

0  59 

1  * 

*7 

7  b 

1  07 

Third 

0  3b 

0  58 

0  27 

587 

2  70 

14 

*8 

82 

1  (-5 

harvest  periods  occurred  between  31  and  38 
days  of  the  first  period  in  1978  The  reason  for 
this  decline  is  unknown.  A  Student's  t-test  dis¬ 
closed  statistical  differences  among  the  mean  N 
concentrations 

Plant  concentration  of  other  elements 

Nine  other  elements  were  also  analyzed  dur¬ 
ing  this  study  (Table  4)  The  observed  concentra¬ 
tions  were  within  the  range  considered  normal  in 
plants  with  the  exception  of  B,  Cr,  and  Fe  (Alla¬ 
way  1968,  I  ones  1972,  Marton  and  Ma  toe  ha  1973, 
Melsted1973,  Reid  and  lung  1974,  Wedin  1974) 
Several  of  the  values  for  Cr  and  Fe  were  above 
the  tolerable  levels  of  2  and  750  ppm,  respec- 


o  10  20  SO  40 


Days  Growth 

Figure  3.  Plant  heights  during  the  first 
harvest  period  in  1 978  and  1979 


lively,  reported  by  Melsted  (1973)  Boron  levels 
were  consistently  below  the  levels  considered 
normal  in  plants  and  ranged  from  3  6  to  6  7  ppm 
Allawa'-  (1968),  lones  (1972)  and  Melsted  (1971) 
have  shown  the  normal  range  of  13  in  plants  to  be 
7  to  75,  30  to  75,  and  20  to  100  ppm  respectively 
Although  B  levels  in  the  wastewater-irrigated 
plants  were  low  they  were  greater  than  the  levels 
found  in  the  control  plants 

Plant  heights 

The  orchardgrass  increased  in  height  through¬ 
out  the  first  harvest  period  of  both  seasons  (Fig 
3)  The  greater  plant  heights  in  1979  reflect  the 
greater  yields  obtained  that  year  Plant  heights 
were  not  considered  to  be  a  reliable  indicator  of 
nutrient  uptake,  especially  during  later  sampling 
dates  of  the  period  Plant  heights  continued  to 
increase  between  31  and  38  days  growth  in  1978 
while  nutrient  uptake  declined  (Fig.  4)  This  prob¬ 
lem  could  be  related  to  the  extension  of  the 
seedhead  which  would  increase  plant  height  dur¬ 
ing  a  period  of  slow  nutrient  uptake. 

Percent  plant  dry  weight 

A  measurement  of  the  percent  dry  weight  of 
the  grasses  was  taken  after  drying  tissue  samples 
for  48  hr  at  each  sample  harvest  date  In  1979 
significant  differences  in  percent  dry  weight 
were  observed  within  the  first  and  third  harvest 
periods  (Table  5)  The  greatest  dry  weight  per¬ 
centage  was  observed  during  the  early  portions 
of  each  period  Plant  dry  weight  ranged  from  17 
to  31%  throughout  the  year 
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Table  5.  Percent  dry  weight  of  plants  at  each  cutting 
date  in  1979. 


First  harvest  Second  harvest  Jhird  harvest 


Days 

growth 

Dry  wt 
(%) 

Days 

growth 

Dry  wt 

(%) 

Oayy 

growth 

Dry  wt 
(%) 

10 

24a* 

14 

22a 

14 

31a 

22 

22ab 

21 

Iba 

21 

18b 

31 

14c 

29 

20a 

28 

18b 

18 

18bc 

35 

17a 

35 

18b 

42 

19a 

45 

17b 

49 

20a 

'Columns 

of  numbers 

followed 

by  the 

same  letter 

were  not 

significantly  different  at  the  5%  level  of  probability  according  to  the 
Duncan's  Multiple  Range  Test  (little  and  Hills  }978) 


Nitrogen  accumulation 

The  total  annual  plant  uptake  of  N  was  256  of 
458  kg/ha  applied  during  1978  and  323  of  380 
kg/ha  applied  during  1979  The  final  range  in 
plant  uptake  of  N  among  the  main  harvest  peri¬ 
ods  was  from  73  to  129  kg/ha  during  both  years 

During  »he  first  harvest  periods  for  both  years 
and  in  the  control  in  ''978,  N  uptake  was  essen¬ 
tially  linear  for  the  initial  31  days  of  plant 
growth  (Fig  4)  In  1979,  uptake  continued  to  in¬ 
crease  after  this  time,  but  in  1978  it  declined  dra¬ 
matically  This  rapid  decline  in  1978  was  due  to 
a  decrease  in  the  concentration  of  N  in  the  plant 


after  31  days  After  38  days,  plants  grown  in  1978 
contained  nearly  1%  less  N  than  in  1979  (Table 

J). 

A  decline  in  the  accumulation  of  N  and  other 
nutrients  by  plants  during  or  after  the  flowering 
period  has  been  noted  in  many  annual  plants  As 
previously  mentioned,  leaf  senescence  could  be 
one  factor  in  N  loss  Herron  et  al  (1963)  noted 
that  sorghum  plants  lost  N  after  the  soft  dough 
stage  of  growth  They  attributed  this  loss  to 
translocation  of  N  and  to  respiration  in  excess  of 
photosynthesis  Waldren  and  Flowerday  (1979) 
noted  that  80%  of  the  N  present  in  wheat  at  ma- 
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turity  was  taken  up  by  anthesis  Singh  and  Mod- 
gal  (1979)  reported  that  85-90%  of  the  N  con¬ 
tained  in  rice  was  absorbed  prior  to  heading 

During  the  second  harvest  period  N  accumula¬ 
tion  increased  up  to  35  to  40  days  and  then  lev¬ 
eled  off  The  slowing  of  N  accumulation  was  due 
to  a  decline  in  plant  nutrient  concentration  and 
a  leveling  off  in  dry  matter  accumulation  In 
1979,  during  the  third  harvest  period,  N  accumu¬ 
lation  increased  up  to  35  days  and  then  leveled 
off  because  of  a  slowing  in  dry  matter  accumula¬ 
tion  In  1978  plant  N  accumulation  decreased 
after  15  days,  increased  again  after  29  days  and 
continued  to  increase  until  the  end  of  the  peri¬ 
od  A  leveling  off  in  dry  matter  accumulation 
and  a  drop  in  plant  nutrient  concentration  dur¬ 
ing  this  time  was  responsible  for  the  leveling  off 
in  N  accumulation  Because  of  the  lower  quanti¬ 
ty  of  N  applied,  uptake  of  N  by  the  control 
plants  during  the  second  and  third  harvest  peri¬ 
ods  was  lower  then  that  of  the  plants  treated 
with  wastewater  (Table  A4) 

The  plants  accumulated  a  total  of  56  and  85% 
of  the  applied  N  during  1978  and  1979  respec¬ 
tively  The  lower  percentage  removed  in  1978 
was  related  to  the  drop  in  N  uptake  during  the 
first  harvest  period  and  the  greater  annual  rate 
of  application 

Phosphorus  accumulation 

T ota I  annual  plant  accumulation  of  P  was  48.7 
of  101  kg/ha  applied  in  1978  and  46  4  of  72  kg/ha 
applied  in  1979,  about  16%  of  that  for  N  Plant 
uptake  accounted  for  49  and  64%  of  the  applied 
P  in  1978  and  1979  respectively  These  uptake 
values  were  in  agreement  with  those  presented 
by  Sopper  and  Kardos  (1974),  Clapp  et  al.  (1978), 
and  Palazzo  and  McKim  (1978)  Total  plant  ac¬ 
cumulation  of  P  increased  slightly  at  each  har¬ 
vest  period  in  1978,  and  in  1979  it  was  steady 
during  the  first  and  second  periods  while  drop¬ 
ping  slightly  during  the  third  Sopper  and  Kardos 
(1974)  found  uptake  patterns  for  P  similar  to 
those  observed  here  in  1979 

Phosphorus  accumulation  during  both 
seasons  initially  increased  and  then  leveled  off 
after  51  days  in  the  first  harvest  period  and  40 
days  in  the  second  period  (Fig  5)  The  reason  for 
the  dec  line  in  P  accumulation  at  the  end  of  the 
first  harvest  period  in  1978  was  similar  to  that  for 
N  a  dec  rease  in  P  concentration  by  the  plants 
Phosphorus  concentrations  declined  from  0  64 
to  0  57%,  while  dry  matter  remained  constant 
The  slowing  in  P  accumulation  during  the  third 
harvest  period  in  1978  was  primarily  due  to  a  lev¬ 


eling  off  in  dry  matter  accumulation  In  1979,  P 
accumulation  during  the  third  period  slowed 
after  35  days  Since  no  P  was  applied  to  the  con¬ 
trol  plants,  plant  uptake  was  lower  than  that  of 
the  treated  plants  (Table  A4) 

Potassium  accumulation 

The  plants  accumulated  K  rapidly  during  the 
first  harvest  period  (Fig  6)  This  was  apparently 
related  to  luxury  consumption  of  the  K  which 
was  applied  by  fertilization  in  May  Accumula¬ 
tion  leveled  off  after  31  days  in  1978  but  con¬ 
tinued  to  increase  in  1979  Potassium  accumula¬ 
tion  during  most  of  the  second  harvest  period 
leveled  off  35  to  40  days  after  cutting,  but  K  ac¬ 
cumulation  was  similar  to  that  of  N  and  P  during 
the  third  harvest  period  In  general,  the  rate  of  K 
accumulation  was  most  affected  by  the  rate  of 
dry  matter  accumulation 

Average  daily  accumulation 

As  shown  in  Table  6,  the  most  intense  period 
of  average  daily  dry  matter,  N  and  P  accumula¬ 
tion  occurred  during  the  first  harvest  period 
This  is  the  shortest  period,  with  a  majority  of  the 
accumulation  occurring  during  the  month  of 
May  The  rate  of  average  daily  dry  matter  ac¬ 
cumulation  during  the  second  and  third  harvest 
periods  was  about  70  and  55%  of  that  of  the  first 
period  respectively.  During  1979  the  rate  of  daily 
dry  matter,  N  and  P  accumulation  was  greater 
than  in  1978  The  annual  decline  in  daily  accum¬ 
ulation  of  N  between  harvest  periods  in  1978 
would  have  been  greater  if  the  N  concentrations 
at  the  end  of  the  first  harvest  period  had  not 
been  so  low  (1  96%) 

The  results  show  that  higher  wastewater  appli¬ 
cation  rates  could  be  used  during  the  first  har¬ 
vest  period  This  was  mostly  during  the  month  of 
May  in  Hanover,  New  Hampshire  Fortunately, 
this  period  occurs  immediately  after  the  winter 
when  wastewater  is  usually  stored  Therefore, 
the  spring  would  be  an  appropriate  time  to  in¬ 
crease  the  application  rate 

Monthly  uptake  estimates 

In  the  design  of  land  treatment  systems,  nutri¬ 
ent  and  water  balance  sheets  are  usually  de¬ 
veloped  on  a  monthly  basis  (EPA  1977)  Monthly 
uptake  values  are  difficult  to  find  since  forage 
crops  are  not  usually  harvested  this  frequently 
If  they  were,  significant  reductions  could  occur 
in  persistence,  yield  and  nutrient  uptake 

Monthly  estimates  of  nutrient  uptake  were 
generated  from  the  data  recorded  in  this  study 


Doys  Growth 


Table  7.  Estimates  of  monthly  plant  uptake  of 
nutrients  (kg/ha). 

Month 

b  lenient  May  june  luly  Aug  Sept  Total 


N  105  68  41  b()  2b  100 

P  18  9  8  9  4  48 


(Table  7).  It  should  be  noted  here  that  these  are 
only  estimates  and  not  actual  uptake  values. 
These  estimates  assume  that  the  last  cutting  oc¬ 
curs  in  mid-September  Plant  uptake  will  con¬ 
tinue  after  this  time  but  it  was  not  recorded 
since  plants  are  not  normally  harvested  after  this 
time  in  New  Hampshire. 


SUMMARY  AND  CONCLUSIONS 

For  maximum  yields  and  the  greatest  removal 
of  nutrients,  orchardgrass  should  be  initially 
harvested  at  the  early  heading  stage  of  growth. 
After  the  first  harvest,  the  forage  should  be  cut 
at  5-  to  6-week  intervals  when  growth  will  consist 
primarily  of  leaves  with  only  a  few  seedheads. 

Piants  accumulated  dry  matter  and  P  up  to  31 
days  during  the  initial  harvest  period,  which  oc¬ 
curred  between  the  early  and  late  heading 
stages  of  growth  Plant  accumulation  of  N  and  K 
also  leveled  off  after  31  days  in  1978  but  con¬ 
tinued  to  increase  until  the  end  of  the  period  in 
1979  Nutrients  and  dry  matter  accumulated  up 
to  35  to  40  days  during  the  second  harvest 
period  During  the  third  harvest  period  in  1979, 
plant  growth  was  similar  to  that  of  the  second 
growing  period,  while  in  1978  accumulation 
slowed  after  1 5  days  but  increased  again  after  29 
days  Change  in  nutrient  uptake  within  a  harvest 
period  was  related  to  both  changes  in  dry  matter 
accumulation  and  plant  nutrient  concentration. 

The  orchardgrass  was  found  to  accumulate 
the  greatest  average  daily  amounts  of  N  and  P 
during  the  initial  harvest  period  Therefore,  this 
would  be  the  most  appropriate  time  to  increase 
the  wastewater  application  rate,  thus  using  the 
excess  wastewater  stored  during  the  winter 
season 

Plant  accumulation  of  nutrients  was  more 
rapid  earlier  in  a  harvest  period.  Therefore,  in¬ 
stead  of  set  weekly  application  rates,  it  may  be 
more  advantageous  to  apply  greater  amounts  of 
wastewater  earlier  in  a  harvest  period  Rates  can 


then  be  reduced  with  time  until  the  period  ends 
From  the  data  gathered  here,  estimates  of  the 
monthly  plant  uptake  of  N  and  P  were  deter¬ 
mined  This  information  could  be  useful  in  the 
design  of  land  treatment  systems 
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APPENDIX  A:  EXPERIMENTAL  DATA 


Table  Al.  Plant  yields  and  uptake  of  N,  P  and  K 
at  each  sampling  time  during  the  study.  (Averages 
of  following  data.) 

1978  1979 

Days  Days 


growth  Yield 

N 

P 

K 

growth 

Yield 

N 

P 

_ K 

(kg/ha) 

(kg/ ha) 

First 

harvest  period 

10 

442 

13 

2 

a 

10 

742 

28 

4 

29 

22 

1719 

44 

7 

77 

22 

2867 

SO 

14 

132 

31 

3693 

109 

24 

179 

31 

4207 

1  i  7 

17 

149 

38 

3743 

73 

14 

150 

38 

4289 

129 

1  7 

182 

Second  harvest  period 

13 

493 

17 

3 

22 

14 

1070 

40 

4 

38 

20 

1736 

53 

8 

86 

21 

1443 

47 

6 

61 

36 

3318 

79 

14 

130 

29 

1989 

68 

8 

64 

48 

3335 

81 

16 

132 

35 

2559 

88 

9 

88 

42 

3972 

96 

18 

134 

49 

3948 

98 

18 

126 

Third 

harvest  period 

15 

987 

30 

5 

39 

14 

714 

23 

3 

21 

29 

953 

23 

6 

45 

21 

1056 

37 

4 

38 

43 

2263 

72 

11 

99 

28 

1589 

61 

6 

94 

70 

3794 

102 

19 

128 

35 

2930 

90 

11 

103 

45 

2843 

95 

1  1 

113 

Table  A2.  Plant  yields  (fcg/ha),  composition  (mg/t)  and 
uptake  (kg/ha)  of  N,  P  and  K  by  orchardgrass  irrigated  with 
wastewater  in  1978. 


_ Replications 

Harvest  Cutting 


period 

date 

A 

B 

C 

D 

Mean 

Plant  yields 

i 

10  May 

272 

408 

681 

408 

442 

i 

22  May 

1497 

1225 

1906 

2246 

1719 

i 

31  May 

2859 

3403 

5445 

3063 

369  3 

i 

7  June 

2450 

4764 

347] 

4288 

3743 

2 

20  June 

476 

544 

613 

340 

493 

2 

27  June 

1974 

2314 

1361 

1293 

17  36 

2 

13  July 

2994 

3811 

2858 

3607 

3313 

2 

25  July 

3675 

2178 

4083 

3403 

3335 

3 

9  August 

749 

1429 

953 

817 

987 

3 

23  August 

817 

1157 

749 

1089 

953 

3 

6  September 

1906 

2042 

2518 

2586 

2263 

3  3  October 

Plant  N  concentrations 

3267 

2722 

4219 

4968 

3794 

i 

10  May 

3.04 

2.62 

- 

- 

2.82 

i 

22  May 

2.  16 

2.97 

- 

- 

2.56 

i 

31  May 

2.90 

2.98 

- 

- 

2.94 

i 

7  June 

1.92 

2.00 

- 

- 

1.96 

2 

20  June 

3.66 

3.23 

- 

- 

3.44 

2 

27  June 

3.41 

2.64 

- 

- 

3.02 

2 

13  July 

2.38 

2.36 

- 

- 

2.37 

2 

25  July 

2.24 

2.59 

- 

- 

2.41 

13 


Tabic  A2.  i cunt '  J) . 


Harvest 

period 


Tut  t  ing 
date 


He  p 1 i cation s 


,  9  August 

23  August 

1  6  September 

1  October 

Plant  N  uptake 

1  10  May 

1  22  Mav 

1  31  May 

^  7  June 

1  20  June 

-  27  June 

2  13  July 

2  23  July 

’  9  Auguat 

2  23  August 

0  September 

3  3  October 

Plant  !’  concentrations 

1  in  m,.. 


1 0  Ma  v 

0.  35 

22  May 

0.  15 

31  May 

0.  66 

7  June 

0.  14 

20  June 

0.  39 

27  June 

0.48 

13  July 

0.44 

25  July 

0.48 

9  August 

0.62 

23  August 

0.68 

6  September 

0.5) 

3  October 

0.  47 

Plant  |>  uptake 

1  10  Mav 

1  22  May 

1  31  May 

'  7  June 

2  20  June 

2  27  June 

2  13  July 

2  25  July 

3  9  August 

2)  August 

J  6  Septembei 

3  3  October 

Plant  K  concentrations 

1  >0  Mav 

1  22  Mav 

1  31  Mav 

I  7  limn 


0.9 

1.4 

2.  1 

1 

6.0 

18.3 

9.1 

2.8 

9.3 
12.9 
17.6 

4.  ! 

4.9 

21.8 

17.6 

3.2 

11.1 

16.4 

10.5 

7.6 

14.8 

12.8 

3.6 

6.5 

12.  3 
19.6 

1  . 

9.0 

19.6 

15.9 

2.0 

6.2 

15.5 
lb.  1 

1.5 

6.9 
28.6 
13.8 

2.9 
8.3 

14.3 

16.0 

4.9 

9.7 

16.3 

/  .  o 

7.0 

10.4 

13.6 

5. 2 

4.5 

12.8 

21.1 

4.5 

6.6 

13.2 

24.8 

5 . 4 
5.8 
11.3 
18.9 

>0  Mav 

2  9 1 

2.  M 

22  May 

4 .  04 

4. 94 

31  May 

4.91 

4.8  3 

7  .hint* 

1.96 

4.08 

20  June 

4.61 

4.40 

27  June 

4.74 

5.42 

13  July 

3.96 

3.  91 

25  July 

J.  81 

4.  12 

9  August 

4.  n 

3.  59 

23  August 

4.87 

4.54 

b  September 

4.28 

4. 52 

1  October 

1.89 

2.89 

14 


Harvest 

Cutting 

period 

date 

A 

R 

C 

D 

Mean 

Plant  K 

uptake 

1 

10  May 

7 

10 

17 

10 

n 

1 

22  May 

67 

35 

86 

101 

77 

1 

3 1  May 

139 

166 

265 

149 

179 

1 

7  June 

98 

192 

140 

172 

150 

2 

20  June 

21 

25 

28 

15 

22 

2 

27  June 

100 

118 

69 

66 

86 

2 

13  July 

118 

150 

113 

142 

130 

2 

23  July 

146 

86 

162 

135 

132 

3 

9  August 

30 

56 

38 

32 

39 

3 

23  August 

38 

54 

35 

51 

45 

3 

6  September 

84 

90 

111 

114 

99 

3 

3  October 

111 

92 

143 

168 

128 

Table  A3.  Plant  yields 

(kg/ha) 

t  composition 

(mg/L)  and 

uptake  (kg/ha) 

of  N,  P 

and  K  by 

orchardgrass 

irrigated 

with 

wastewater  in 

1979. 

Replications 


Harvest 

Cutting 

period 

date 

A 

B 

C 

Mean 

Plant  y 

ields 

1 

10  May 

596 

464 

1167 

742 

1 

22  May 

3545 

2626 

2431 

2867 

1 

31  May 

2781 

5407 

4434 

4207 

1 

7  June 

4218 

4982 

3668 

4289 

2 

21  June 

828 

1265 

1117 

1070 

2 

28  June 

1277 

1875 

1177 

1443 

2 

6  July 

1670 

1563 

2735 

1989 

2 

12  July 

1934 

3692 

2051 

2559 

2 

19  July 

2735 

4083 

5099 

3972 

2 

26  July 

3583 

4044 

4218 

3948 

3 

9  August 

481 

934 

726 

714 

3 

16  August 

1143 

811 

1213 

1056 

3 

23  August 

1498 

1568 

1701 

1589 

3 

30  August 

1758 

3341 

3692 

2930 

3 

10  September 

2159 

2501 

3868 

2843 

Plant  N 

concentration 

1 

10  May 

3.78 

3.82 

3.73 

3.78 

1 

22  May 

2.99 

2.82 

2.50 

2.77 

1 

31  May 

2.72 

2.78 

2.84 

2.78 

1 

7  June 

2.91 

3.27 

2.78 

2.99 

2 

21  June 

3.55 

3.83 

2.98 

3.45 

2 

28  June 

3.26 

3.03 

3.58 

3.29 

2 

6  July 

3.  38 

3.22 

3.60 

3.40 

2 

12  July 

3.20 

3.50 

3.52 

3.41 

2 

19  July 

2.12 

2.81 

2.23 

2.39 

2 

26  July 

2.67 

2.52 

2.  31 

2.50 

3 

9  August 

2.42 

3.34 

2.98 

2.91 

3 

16  August 

3.40 

3.26 

3.72 

3.46 

3 

23  August 

3.  71 

3.57 

4.11 

3.80 

3 

30  August 

3.05 

3.25 

2.92 

3.07 

3 

10  September 

3.  30 

3.68 

3.  12 

3.37 

Plant  N 

uptake 

l 

10  May 

23 

18 

44 

28 

l 

22  May 

106 

74 

61 

80 

1 

31  May 

76 

150 

126 

117 

1 

7  June 

123 

163 

102 

129 

2 

21  June 

29 

48 

43 

40 

2 

28  June 

42 

57 

42 

47 

2 

6  July 

36 

50 

98 

68 

2 

12  July 

62 

129 

72 

88 

15 


Harvest 

period 


c.ut  t  i ii k 
date 


Rep  1  i cat  ions 


A  8 


2 

19  July 

vs 

1 1  > 

2 

2b  July 

y ; 

101 

i 

9  August 

12 

31 

1 

lb  August 

39 

26 

3 

23  August 

53) 

56 

3 

JO  August 

54 

109 

3 

10  September 

71 

92 

.int 

1’  concent  rat  ions 

1 

10  May 

0.47 

0.48 

1 

22  May 

0.4b 

0.50 

l 

31  May 

0.40 

0.41 

1 

7  June 

0.  38 

0.45 

2 

21  June 

0.  38 

0.41 

2 

28  June 

0.4  3 

0.40 

b  July 

0.  38 

0.41 

-> 

12  July 

0.  37 

0.  33 

2 

19  July 

0.  42 

0.48 

2 

2b  July 

0.45 

0.47 

] 

9  August 

0.48 

0. 32 

5 

lb  August 

0.  18 

0.44 

i 

23  August 

0.  18 

0.  37 

j 

30  August 

0.48 

0.37 

3 

10  September 

0.41 

0.42 

ant 

P  uptake 

l 

10  May 

2.8 

2 . 2 

22  Mav 

16.5 

1  3.  1 

31  May 

11.1 

22.2 

i 

7  June 

14.0 

22.4 

2 

21  June 

1.5 

5.2 

0 

28  June 

5.5 

7.5 

2 

6  July 

6.3 

6.4 

2 

12  July- 

7.2 

12.2 

2 

19  July 

11.5 

19.6 

2 

26  July 

16.1 

19.0 

3 

9  August 

2.  1 

3.0 

3 

16  August 

4.3 

3.  b 

3 

23  August 

5.7 

5.8 

3 

30  August 

8.4 

12.4 

3 

10  September 

8.9 

10.5 

Plant  K  concentrations 


1 

10  May 

4.  37 

3.55 

1 

22  Mav 

4.40 

5.00 

1 

31  May 

3.58 

3.66 

1 

7  June 

3.90 

4.49 

2 

21  June 

3.42 

3.97 

2 

28  June 

3.75 

4.55 

2 

6  July 

3.68 

3.23 

2 

12  July 

3.  20 

3. 16 

2 

19  July- 

3.  12 

3.14 

2 

26  July 

2.  75 

3.29 

3 

9  August 

2.50 

3.04 

3 

16  August 

3.  75 

3.60 

3 

23  August 

3.  32 

3.66 

3 

30  August 

3.  79 

3.  59 

3 

10  September 

1.69 

4.  16 

P 1  an  t  K 

uptake 

1 

10  Mav 

26 

16 

1 

22  May 

156 

131 

l 

31  Mav 

100 

198 

1 

7  June 

164 

224 

2 

21  June 

28 

50 

2 

28  June 

48 

85 

Table  A3.  (conc'd) 


Harvest 

Cutting 

— 

Rep  1  icat ions 

— 

period 

date 

A 

B 

C 

2 

6  July 

61 

50 

82 

2 

12  July 

62 

117 

86 

2 

19  July 

85 

128 

188 

2 

26  July 

99 

133 

146 

3 

9  August 

12 

28 

24 

3 

16  August 

42 

29 

44 

3 

23  August 

52 

120 

110 

3 

30  August 

67 

120 

121 

3 

10  September 

80 

109 

149 

Percent 

plant  dry  weight 

1 

10  May 

0.23 

0.25 

0.25 

1 

22  May 

0.  27 

0.  17 

0.21 

1 

31  May 

0.15 

0. 14 

0.14 

1 

7  June 

0.21 

0.15 

0. 18 

2 

21  June 

0.25 

0.20 

0.22 

2 

28  June 

0.17 

0. 16 

0.16 

2 

6  July 

0.19 

0.20 

0.20 

2 

12  July 

0.18 

0.18 

0.15 

2 

19  July 

0.20 

0.19 

0.18 

2 

26  July 

0.23 

0.17 

0.19 

3 

9  August 

0.37 

0.27 

0.29 

3 

16  August 

0.18 

0.19 

0.18 

3 

23  August 

0.19 

0.17 

0.17 

3 

30  August 

0.18 

0.19 

0. 18 

3 

10  September 

0.17 

0.16 

0.18 

Table  A4.  Plant  yields  (kg/ha),  composition 
uptake  (kg/ha)  of  H,  P  and  K  by  orchardgrass 


plants  in  197J. 

Replications 

Harvest 

Cutting 

period 

date 

A 

B 

C 

Plant  yields 

i 

10  May 

816 

680 

884 

i 

22  May 

1496 

2244 

3332 

i 

31  May 

2516 

5508 

3468 

i 

7  June 

5032 

3808 

5440 

2 

20  June 

544 

680 

612 

2 

27  June 

408 

1088 

680 

2 

13  July 

1632 

1428 

2040 

2 

25  July 

1224 

1564 

1496 

3 

9  August 

408 

952 

1020 

3 

23  August 

680 

544 

952 

3 

6  September 

1428 

1496 

1768 

3 

3  October 

748 

1496 

1156 

Plant  N 

concentrat ion 

1 

10  May 

3.76 

3.81 

- 

1 

22  May 

2.79 

3.72 

- 

1 

31  May 

2.  34 

2.34 

- 

1 

7  June 

1.77 

2.10 

- 

2 

20  June 

2.00 

2.32 

- 

2 

27  June 

2.07 

2.28 

- 

2 

13  July 

1.74 

1.96 

- 

2 

25  July 

2.08 

1.64 

- 

3 

9  August 

3.30 

2.97 

- 

3 

23  August 

2.00 

2. 16 

- 

3 

6  September 

2.08 

2.52 

- 

3 

3  October 

2.68 

1.80 

- 

Mean 

64 

88 

134 

126 

21 

38 

94 

103 

113 


0.24 
0.22 
0.14 
0. 18 
0.22 
0.  16 
0.20 
0.17 
0.19 
0.20 
0.31 
0.18 
0.18 
0.18 
0.17 


(mg/L)  and 
control 


Mean 


793 

2357 

3831 

4760 

612 

725 

1700 

1428 

793 

725 

1564 

1133 


3.79 
3.25 
2.34 
1.93 
2.  16 
2.  17 
1.85 
1 . 66 
3. 13 
2.08 
2.30 
2.24 
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Table  A4.  (eont'd) 


Kepi icat ions 

Harvest 

Cut  t ing 

period 

date 

A 

B 

c 

Mean 

Plant  N 

uptake 

i 

10  May 

30.68 

23.57 

33.24 

29.83 

1 

22  May 

48.62 

72.93 

108.29 

76.61 

1 

3 1  May 

58.87 

128.89 

81.15 

89.64 

l 

7  June 

97.11 

73.49 

104.99 

91.86 

2 

20  June 

11.75 

14.69 

13.21 

13.21 

2 

27  June 

8.85 

23.60 

14.75 

15.73 

> 

13  July 

30.  19 

26.41 

37.  74 

31.44 

2 

25  July 

22.76 

29.09 

27.82 

26.55 

3 

9  August 

12.77 

29.  79 

31.92 

24.82 

3 

23  August 

14.  14 

11.31 

19.80 

15.08 

3 

6  September 

32.84 

34.40 

40.  66 

35 . 96 

3 

3  October 

16.75 

33.51 

25.39 

2  5.  33 

Plant  P 

concent rat  ions 

1 

10  May 

0.36 

0.33 

- 

0.34 

1 

22  Mav 

0.41 

0.40 

- 

0.40 

1 

31  Mav 

0.73 

0.70 

- 

0.71 

i 

7  June 

0.36 

0.25 

- 

0.30 

1 

20  June 

0.31 

0.32 

- 

0.31 

2 

27  June 

0.37 

0.61 

- 

0.59 

2 

13  July 

0.42 

0.34 

- 

0.  38 

2 

25  July 

0.45 

0.31 

- 

0.48 

3 

9  August 

0.51 

0.62 

- 

0.56 

3 

23  August 

0.52 

0.57 

- 

0.54 

3 

6  September 

0.73 

0.55 

0.64 

3  October 

0.53 

0.50 

- 

0.51 

riant  i 

uptake 

i 

10  May 

2.3 

2.3 

3.0 

2.7 

i 

22  May 

6.0 

9.0 

13.3 

9.4 

i 

31  May 

17.6 

39.  1 

24.6 

27.  1 

i 

7  June 

15.  1 

11.4 

16.3 

14.3 

2 

20  June 

1.7 

2.  1 

1.9 

1.9 

2 

27  June 

2.4 

6.4 

4.0 

4.3 

2 

13  July 

6.2 

5.4 

7.3 

6.4 

2 

25  July 

5.9 

7.5 

7.2 

6.9 

3 

9  August 

2.3 

5.3 

5.7 

4.4 

3 

23  August 

3.7 

2.9 

5.1 

3.9 

3 

6  September 

9.1 

9.6 

11.3 

10.0 

3 

3  October 

3.8 

7.6 

5.9 

5.8 

Plant  K 

concentrations 

1 

10  May 

3.51 

3.69 

- 

3.60 

1 

22  Mav 

4.44 

5.84 

- 

5.14 

1 

31  Mav 

4.93 

5.04 

- 

4.96 

1 

7  June 

4.22 

3.90 

- 

4.06 

2 

20  June 

3.16 

3.41 

- 

3.28 

2 

27  June 

4.87 

4.88 

- 

4.87 

2 

13  July 

2.73 

3.66 

- 

1.  19 

2 

25  July 

3.48 

3.09 

- 

3.28 

3 

9  August 

2.65 

4. 34 

- 

3.49 

3 

23  August 

2.95 

3.79 

- 

3.  37 

3 

6  September 

3.59 

4.16 

- 

3.87 

3 

3  October 

2.89 

3.15 

- 

3.02 

Plant  K 

uptake 

1 

10  May 

29 

24 

32 

29 

1 

22  May 

77 

113 

171 

121 

1 

31  May 

125 

273 

172 

1 90 

1 

7  June 

204 

155 

221 

193 

2 

20  June 

18 

22 

20 

20 

2 

27  Tune 

20 

33 

33 

35 

2 

13  July 

52 

46 

65 

54 

2 

25  Julv 

40 

50 

49 

46 

18 


Table  A4. 

(cont  *  d) . 

Rep]  icat ions 

Harvest 

Cutting 

Mean 

period 

date 

A 

B 

C 

3 

9  August 

14 

33 

36 

28 

3 

23  August 

23 

18 

32 

24 

3 

6  September 

55 

58 

63 

61 

3 

3  October 

23 

45 

35 

34 

19 


A  facsimile  catalog  card  in  Library  of  Congress  MARC 
format  is  reproduced  below. 


Palazzo,  A.J. 

Seasonal  growth  and  uptake  of  nutrients  by  orchardgrass 
irrigated  with  wastewater  /  by  A.J.  Palazzo  and  J.M. 

Graham.  Hanover,  N.H. :  U.S.  Cold  Regions  Research  and 
Engineering  Laboratory;  Springfield,  Va. :  available  from 
National  Technical  Information  Service,  1981. 

iii,  25  p.,  illus. ;  28  cm.  (  CRREL  Report  81-8,  ) 
Prepared  for  Directorate  of  Civil  Works  -  Office  of 
the  Chief  of  Engineers  /  by  Corps  of  Engineers,  U.S. 

Army  Cold  Regions  Research  and  Engineering  Laboratory. 
Bibliography:  p.  10. 

1.  Forage  grass.  2.  Nutrient  analysis.  3.  Nutrient 
uptake.  4.  Waste  treatment.  5.  Wastewater.  I.  Graham, 
J.M.  II.  United  States.  Army.  Corps  of  Engineers. 

III.  Army  Cold  Regions  Research  and  Engineering  Laboratory. 

IV.  Series:  CRREL  Report  81-8. 
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